Learning is ubiquitous in the animal kingdom but has been studied extensively in only a handful of species. Moreover, learning studied under laboratory conditions is typically unrelated to the animal's natural environment or life history. Here, we designed a task relevant to the natural behavior of male African cichlid fish (Astatotilapia burtoni), to determine if they could be trained on a spatial task to gain access to females and shelter. We measured both how successfully animals completed this task over time and whether and how immediate early gene and hormone expression profiles were related to success. While training fish in a maze, we measured time to task completion, circulating levels of three key hormones (cortisol, 11-ketotestosterone, and testosterone) and mRNA abundance of seven target genes including three immediate early genes (that served proxies for brain activity) in nine brain regions. Data from our subjects fell naturally into three phenotypes: fish that could be trained (learners), fish that could not be trained (non-learners) and fish that never attempted the task (non-attempters). Learners and nonlearners had lower levels of circulating cortisol compared to fish that never attempted the task. Learners had the highest immediate early gene mRNA levels in the homologue of the hippocampus (dorsolateral telencephalon; Dl), lower cortisol (stress) levels and were more motivated to accomplish the task as measured by behavioral observations. Fish that never attempted the task showed the lowest activity within the Dl, high stress levels and little to no apparent motivation. Data from non-learners fell between these two extremes in behavior, stress, and motivation.
Introduction
Learning in non-humans has been the subject of philosophical speculation for nearly 100 years. In the late nineteenth century, Thorndike assessed the behaviors animals display, their performance, and how they ''feel'' upon enacting such behavior to elucidate the psychology behind animal learning (Thorndike, 1911) . However, the capacity to learn is not restricted to mammals as was assumed in the early 1900s. Studies of non-mammalian vertebrates have revealed the ability to learn in a variety of domains, including a large variety of social and spatial tasks (Kieffer & Colgan, 1992) . Birds are a prime example of a non-mammalian vertebrate, where learning and memory are vital to communication and reproduction. For many oscine bird species, learned songs are used to find and attract mates, directly influencing reproductive success. In white-crowned sparrows (Zonotrichia leucophrys), for example, songs vary by ''dialect'' depending upon region so that males settling in new environments must learn a new song in order to attract mates. Male sparrows can memorize songs from a variety of different regions, incorporate these songs into their repertoire, and practice them. However, birds retain only the dialect from the area that matched the song of the male birds within that region (Nelson & Marler, 1994) .
Fish, too, can learn throughout life and are capable of complex learning strategies, including social and spatial learning (Kieffer & Colgan, 1992) . Vision plays an important role in orienting a fish in its environment, a skill vital to spatial learning. For example, many migrating fish species frequently use the sun for orientation (Dodson, 1988) . Butterflyfish (Chaetodon trifascialis) use coral landmarks, or ''coral crown heads'', to identify foraging locations and territory, as demonstrated by removing a crown head and showing that the animals search for the landmark while traversing its foraging path (Reese, 1989) . Spatial learning is particularly important for animals that remain in the same habitat, like butterflyfish, who need to remember, where they can feed or possibly take over a territory.
In all vertebrates, the hippocampus is known to be centrally important for spatial learning and memory, but other areas of the brain, including the cerebellum, striatum, and basal forebrain, are also involved. The functional roles of these have been identified primarily by the effects of lesions on learned behaviors both in mammals (D'Hooge & De Deyn, 2001; Eichenbaum, 2000) and in fish (e.g. Vargas, López, & Portavella, 2009) . While the mammalian hippocampus is implicated in spatial learning, the cerebellum and the amygdala are involved in implicit learning and memory across many animal species including rats and fish, particularly with
